The problem of malnutrition affects both developed and developing countries. The disease-related malnutrition in hospitalised patients is well-described and the treatment recommendations reflect the health care conditions of developed countries. However the diagnosis and treatment of children with severe acute malnutrition (SAM) is inconsistent both in the international and in the developing countries' guidelines. The aim of this article is to start a discussion about the guidelines for the treatment and nutrition of malnourished infants and children in developing countries. The differences appear primarily in the hydration and nutritional status assessment, treatment of hypoglycaemia, additional supplementation and partly in nutrition itself. In general, we do know how to treat children with SAM, however the differences in the guidelines can cause a lot of difficulty in making decisions in emergencies, particularly for infants under 6 months.
Introduction
The problem of world hunger is not new, however the recent trends in global food security force us to ask questions about the effectiveness of international interventions. Although the newest United Nations Food and Agriculture Organisation (FAO) statistics show a clear distribution of malnourished people in different regions of the world, the data also indicate that we are not winning the battle with famine. Furthermore, sin-ce 2014 the fight against hunger seems to be moving towards global failure with a large increase in people suffering from overweight and obesity [1] . In developed countries malnutrition is related with chronic or acute disease and most often affects hospitalised patients (20 to 50% of patients, depending on the hospital department or the nature) [2] [3] . Therefore, hunger result-ing from food insecurity is rather the domain of Updated: 29.01.2020 developing countries, mainly countries in sub-Saharan Africa, Central Asia and Southern Asia. Statistically, 25 .9% of the African population does not have adequate access to nutritious food and 30.3% of children < 5 years of age are malnourished [1] . Moreover, statistics do not include micronutrient-related malnutrition and micronutrient excess, which may suggest that malnourishment is a bigger problem quantitatively [4] . The quick progress of knowledge in nutritional sciences, development of nutritional status assessment methods and nutritional risk, accessibility of artificial diets and nutritional teams enabled effective treatment of disease-related malnutrition [5] [6] [7] [8] [9] [10] [11] [12] [13] .
However, using the developed countries' standards to treat and feed malnourished patients in developing countries is impossible due to the insufficient quantity of ready-to-use therapeutic food (RUTF) and oral nutritional supplements (ONS), lack of medical and technological resources, low financial support and inadequate training of health workers. Although the World Health Organisation (WHO), UNICEF or Doctors without borders (Médecins sans frontières, MSF) published several guidelines and assessment tools, many of the presented algorithms for the treatment of malnutrition are still not implemented [14] [15] [16] . Among the reasons for this situation is the complex task of adapting the guidelines to the local resources and capabilities, the co-occurence of malnutrition and tropical diseases and the relatively scarce evidence base for the treatment of malnutrition of infants < 6 months of age [17] [18] . In addition, many of the countries struggling to provide effective care for the malnourished paediatric patients also lack funding for research, hence the specific and critical research questions regarding the nutrition or nursing care (which are not yet addressed by the aforementioned guidelines) remain unanswered and the evidence base remains scarce.
The aim of the article is to start a discussion about the treatment and nutrition of malnourished infants and children in developing countries. In addition, it is important to note the lack of specific nutrition standards and lack of consistent international guidelines, especially among children < 6 months of age. The authors would like to emphasize that this article is not intended to suggest standards for the treatment of malnourished children in developing countries.
Nutritional Status Assessment
Accurate nutritional status assessment (NSA) is the first and key element in the diagnosis of severe acute malnutrition (SAM) in paediatric patients [19] . SAM consists of two basic forms: severe wasting (also described as marasmus or energy malnutrition) and nutritional oedema (also described as kwashiorkor or protein malnutrition). Marasmus is a consequence of uncomplicated prolonged starvation. It is mainly characterised by a decrease in body weight and other anthropometric and immunological indicators. Usually, total protein and serum albumin are normal or slightly below normal. There is also a shortage of minerals and vitamins such as iron, iodine, zinc and vitamin A. Kwashiorkor is a result of hypercatabolism due to qualitative and quantitative malnutrition. Patients have a decrease in protein fractions in the blood serum, which results in oedema and apparent weight gain [1, [14] [15] [20] [21] . Both types of malnutrition can also be caused by bacterial, viral and parasitic infections or by the combined burden of malnutrition and tropical diseases [22] . WHO also distinguishes a third type: marasmic kwashiorkor characterised by a decrease in muscle mass and fat, sarcopenia, weakening of the im-mune system, anaemia, lowering of protein levels in blood serum, digestive and absorption disorders as well as impairment of organs and body systems [15, [20] [21] .
Criteria for pharmacological
Although the scientific societies established several criteria for diagnosing malnutrition, none are spe--cific to children < 6 months. Using different methods of NSA in the same group of patients, we can obtain significant differences in the percentage distribution of well-fed and malnourished patients [2] . This poses the risk of not diagnosing early malnutrition, which may manifest with symptoms or biological changes not included in the basic parameters of the selected NSA method [15] . A special treatment algorithm is intended for children with SAM. Some recommendations suggest using selected algorithms also to treat children with moderate acute malnutrition (MAM), but NSA determined by different methods can lead to the exclusion of some paediatric patients [14] [15] [16] [17] .
The most popular and oldest method of NSA among paediatric patients is to determine abnormalities in weight and height/length on percentile charts regarding weight-for-height/length, however since 2005 the WHO recommends that mid-upper arm circumference (MUAC) and the occurrence of oedema as independent diagnostic indicators of malnourishment [2, [23] [24] . The index of weight-for-height/length primarily gives information about weight loss compared to children with good nutritional status of the same height/length. MUAC indicates loss of muscle mass and gives quick and nutritional treatment of SAM check of infants and children's nutritional status [14] . Comparing these two measurements, MUAC seems to play a more important role because it is a more reliable parameter, burdened with less risk of incorrect measurement, and can also be used by minimally-trained non--professionals for community-based screening of SAM in infancy [25] . WHO, UNICEF and MSF unanimously propose that in developing countries for the diagnosis of SAM and thus for pharmacological and nutritional treatment, children should meet the criteria:
· the MUAC in infants and children 6-59 months is <115 mm, · and/or bilateral pitting oedema, · and/or a weight-for-height/length < 3 Z-score of the WHO growth standards Some recommendations suggest MUAC < 110 mm, but using this criteria may lead to under-diagnosis.
Besides proper anthropometric parameters attention should be paid to other elements that may be the first symptoms of micronutrient-related malnutrition and micronutrient excess. During the history-taking, it is worth asking about the current diet and breastfeeding time, birth weight, vaccinations, episodes of diarrhoea and vomiting, urine colour, and contact with people suffering from infectious diseases. In physical examination, it is important to check the basic life parameters, size of the liver and spleen, peristalsis sounds on auscultation, skin pallor, signs of circulatory collapse and any changes in the eyes, ears, skin and hair [14] [15] [16] [17] [25] [26] . The circumference of the child's head is not recommended because of statistically significant variation within nations and ethnic groups, leading to overdiagnosis of macrocephaly or microcephaly may occur. Also, growth percentiles charts may not be optimal in all cases and a very careful and individual examination is required [27] .
SAM in infants under 6 months of age
For many years, the issue of diagnosing and treating malnourished infants under 6 months of age was underestimated, and in international and national guidelines little or no attention was paid to it. Furthermore, each guideline points to completely different factors causing malnutrition as well as factors affecting the treatment process. Using the guidelines to make the decision to hospitalise an infant patient is also difficult. The criteria that are strongly recommended for defining SAM and MAM in infancy and for starting a nutritional intervention are: · weight-for height/length < 3 Z-score of the WHO growth standards, · and/or the presence of bilateral oedema.
Other parameters which are worth attention:
· infant is too weak to be breastfed, · and/or insufficient milk production by the mother, · and/or body length below 49 cm, · and/or the infant has not gained any weight within 1-2 weeks, · and/or weight loss has been observed.
So far no recommendation was made to divide SAM into complicated and uncomplicated forms [17] . Some recommendations suggest that patients < 3 kg [17, [28] [29] [30] [31] [32] [33] [34] [35] [36] or < 4 kg [37] [38] should be treated and fed as patients under 6 months. None of the guidelines focus on NSA of infants < 6 months. Studies show that scales used in nutrition-related emergencies are largely unsuitable for weighing infants < 6 months [39] . International and national guidelines also does not recommend MUAC for NSA of infants under 6 months [17] , but independent medical institutions pointed to MUAC as a simple and easy method for quickly diagnosing infants with MAM and SAM [25] .
The comprehensive treatment of a malnourished child consists of three phases: initial treatment (also referred to as stabilisation phase; up to 7 days), rehabilitation (2-6 weeks) and continuation of treatment including emotional stimulation and sensory development of the child. In terms of nutrition, the first phase is the most important and contains many tasks that must be undertaken by a physician, a dietitian or a nurse, e.g. treatment (or prevention) of hypoglycaemia, hypothermia and dehydration, water and electrolyte imbalance, treatment of possible infections, careful start of nutrition as well as diagnosis and treatment of comorbidities (e.g. vitamin deficiency, heart failure or anaemia) ( Figure 1 ) [17, 26, 40] .
Hypoglycaemia
Hypoglycaemia in children with SAM is diagnosed when blood glucose level is < 54 mg/dL (< 3 mmol/L), but MSF suggests intervening in blood glucose < 60 mg/dL (< 3.3 mmol/L) [26] . Severe hypoglycaemia is a condition when the blood glucose level is < 40 mg/ dL (< 2.2 mmol/L) [14] . The most common causes of hypoglycaemia in children with SAM or MAM are: Nutritional and pharmacological treatment · a reduced amount of stored glucose in the muscles (decrease in muscle mass, wasting), · weakening of glucose conversion mechanisms (due to increased metabolism of proteins and fats), · immune response to infection (including the particularly dangerous Plasmodium falciparum infection), · impaired glucose absorption in the gastrointestinal tract (atrophy of the intestinal villi, gastrointestinal mycosis), · prolonged fasting and delayed introduction of nutrition (due to the long journey to the hospital) [26, [41] [42] [43] .
Stabilisation Rehabilitation Phase
Step If hypoglycaemia occurs in a child with SAM, immediate intervention should take place because this is the main cause of death in the first phase of treatment. If it is not possible to check the blood glucose level, it is recommended to administer prophylactic glucose solutions based on clinical symptoms [26] . Treatment of hypoglycaemia in the most common conditions is presented in Table 1 [14, [16] [17] 26] . There are infections that can significantly lower blood glucose levels, and thus reduce the effectiveness of conservative treatment. In the case of malaria (P. falciparum) infection, there is a decrease in blood glucose as a result of multi-enzymatic changes caused by infection and simultaneous starvation on the one hand [44] [45] , and on the other hand the treatment with quinine or quinidine leads to hyper-insulinemic hypoglycaemia [46] [47] . It is recommended to administer either drug by constant infusion with 5% glucose, active feeding during the disease and regular glucose measurement [14] .
Hydration status assessment
Hydration status assessment (HSA) of malnourished paediatric patients is very difficult due to the differences in the dehydration symptoms in different types of malnutrition. Furthermore, it is often difficult to determine the acute symptoms of dehydration and chronic symptoms of malnutrition. Dehydration is a serious he- alth problem in the first phase of treatment and just like hypoglycaemia, it is one of the main causes of death in the course of MAM or SAM. The most severe complication is severe hypovolemic shock [14, 17] . MSF and WHO suggest dividing patients into three groups: no signs of dehydration, moderate dehydration, and severe dehydration. More specific differences and assessment of dehydration severity are included in Table 2 [16, 48] . Matiland et al asked a bold question whether the risk of death in children with SAM could be identified using WHO protocols. In children with diarrhoea, hydration status was of limited importance as a prognostic symptom because only 58% of deceased children were assessed as moderately or severely dehydrated. CRT best identified the high risk of death [49] . In properly hydrated patients, oral rehydration salts (ORS) are used to prevent dehydration. In children < 2 years of age it is recommended to administer 50-100 ml after each stool until diarrhoea disappears. In moderately or severely dehydrated patient without hypovolemic or septic shock, it is recommended to give ORS 5-10 ml/ kg/h for up to 12 hours orally. In case of swallowing difficulty, fluids administration via nasogastric tube is recommended. For patients with complications, it is worth using the algorithm proposed by MSF suggesting the intravenous administration of a sterile solution of Ringer Lactate-Glucose 5% (RL-G%) [16] . Hydration is based on the daily hydration requirement (DHR) presented in Table 3 [16] . In the case of significant weight loss due to dehydration, it is recommended to multiply the DHR by 1,5. If RL-G5% is unavailable, it is recommended to prepare your own formula by adding a steri- is a specific parameter le 50% glucose solution to 500 ml RL. If RL is unavailable, 0.9% saline may be used [16] [17] 26] . Many national and international guidelines are based on the WHO recommendations from 1999 and still suggest to treat severe dehydration with intravenous half-strength Darrow's solution with 5% glucose (dextrose) as the first choice and 0.45% (half-normal) saline with 5% glucose with 20 mmol/L potassium chloride [14, 17] . In contrast, the more recent WHO guidelines from 2013 recognised the aforementioned recommendations as a conditional choice, and that the evidence for the effectiveness of such treatment is of very low quality. This was due to the limited availability of randomised controlled trials, trials comparing existing WHO recommendations with new treatment options, or trials documenting comparisons of diagnoses and treatment methods [26] . There are no specific guidelines for HSA in children <6 months. Nevertheless, the MAMI report indicates that the WHO, UNICEF and MSF guidelines can also be used in newborns [17] . It is important to monitor progress during hydration (pulse rate, respiratory rate, urine frequency, stool/vomit frequency) every half hour for the first 2 hours and then every hour for 6-12 hours. In addition, the appearance of tears, moisture in the mouth, shortening of CRT, reduction of the collapse of the fontanelle and eyes may indicate a positive hydration process. However, attention should be paid to chronically malnourished patients, because even after adequate hydration these features may remain unchanged. There is a huge risk of over-hydration, which can also be fatal [50] . The 2006 MSF Nutrition Protocol highlights fluid therapy for watery diarrhoea. In diarrhoea without dehydration and without above-mentioned features, ORS are not advised and frequent oral hydration with water is recommended, not ORS. In the case of aversion to drinking plain water, the guidelines recommend oral administration of 50 ml of a 10% sugar solution after each loose stool and HSA every 4 hours, mainly controlling weight loss. The goal of this procedure is to avoid complications associated with hydration, mainly over-treatment with fluids [48] .
An important element in the treatment of dehydration associated with severe diarrhoea is additional zinc supplementation. In international and national guidelines, supplementation with this element was limited to the use of rehydration solution for malnutrition (ReSo-Mal), which contains 0.3 mmol of zinc per litre of solution [16] [17] . MSF Nutrition recommends supplementation with 10 mg zinc for 10 days in children < 6 months, and 20 mg zinc for 10 days in children > 6 months [48] . Many randomised studies have demonstrated the effectiveness of additional zinc supplementation in children > 6 months of age, but the significance in children < 6 has been questioned [51] [52] [53] .
Additional supplementation
Serum levels of vitamin A, folic acid (FA) and iron should be laboratory checked in malnourished child-ren, even if there are no clinical signs of deficiency [48] . Despite the recommendations to monitor these three micronutrients, especially in children with SAM > 6 months [17] , the lack of access to medical laboratories, qualified laboratory personnel and medical equipment creates a significant barrier in Sub-Saharan Africa [54] . Thus, in many cases the deficiencies of these components are determined when significant clinical symptoms already occur and often are very difficult to treat with inexpensive medicaments or when the patient is acutely ill. This is the a paradox of the requirements imposed by the guidelines of global organisations that cannot realistically be met in underfunded and underequipped health care facilities in developing countries.
Vitamin A
Supplementation with vitamin A, and its derivatives are used to prevent xerophthalmia and blindness, and to treat malnutrition and intestinal diseases. The incidence of infectious diseases decrease, and indirectly the mobility reduction, could be obtained through vitamin A related to gut immune tolerance/homeostasis, intestinal barrier integrity, and responses to enteropathogens in the context of the environmental enteric dysfunction [55] [56] [57] [58] [59] [60] . The MSF Nutrition Protocol recommends a single dose of 100,000 IU for children 6-12 months and 200,000 IU for children > 1 year [48] . 8 of 14 international guidelines and 15 of 23 national guidelines 1 suggest supplementation of 50,000 IU vitamin A once orally on the first day of admission in children < 6 months [17] . A 2003 WHO report states that supplementing 5,000 IU of vitamin A daily during the hospital stay yields much better results than a single dose of 100,000 IU. This method of supplementation prevents severe diarrhoea and respiratory diseases. A single dose seems to bring good results only during measles, in ongoing infectious diarrhoea and clinical symptoms of deficiency of this vitamin [26] .
Haematopoietic elements
Vitamin B 12 , FA and iron (Fe) supplementation are considered for the prevention and treatment of anaemia. The WHO, MSF and UNICEF recommend a single dose of 5 mg FA orally on the day of admission. Iron supplementation is recommended only during the rehabilitation phase due to iron toxicity, which in malnourished patients may increase oxidative stress, contribute to electrolyte imbalance, disrupt metabolic processes and worsen intestinal infections. Only after correction of critical abnormalities (about 2 weeks), it is recommended to supplement Fe in children > 6 months (3 mg of elemental Fe/kg in 2 divided doses) [48] . Only 2 of 14 international guidelines and 2 of 23 national guidelines recommended similar supplementation in children < 6 months [17] . One national guideline recommended supplementation double dose of elemental iron in malnourished infants. In other guidelines, the recommendation was either not provided or nutritional treatment with the F-100 formula was considered sufficient [17] . Although many studies have shown equal and sometimes significantly greater importance of vitamin B 12 in preventing and treating anaemia in children with SAM, none of the guidelines recommend its supplementation [61] [62] [63] [64] [65] .
Cautious feeding
Depending on the child's age, severity of malnutrition and associated diseases, nutritional treatment involves breastfeeding, formula F-75, formula F-100, diluted formula F-100 (F-100D), infant formula (IF), ready-to-use therapeutic food (RUTF), oral nutritional supplements (ONS), and home-made milk feeds. The first phase of treatment (up to 7 days) is extremely important due to the fact of a precisely calculated dose of food, which aims to avoid failure in the treatment of malnutrition and especially overnutrition, including in the form of re-feeding syndrome. Most guidelines are consistent as to the frequency and methods of feeding in the first phase of treatment. A child > 6 months of age should be fed orally using a teaspoon, cup or syringe. If the child is unable to swallow food on its own, it is rec-ommended to feed via nasogastric (NG) tube and to withdraw it as soon as the child is able to swallow. The guidelines are consistent as to the gradual feeding of the child with the appropriate calories. Muscle and tissue catabolism will increase when feeding < 80 kcal/ kg/day, while feeding > 100 kcal/kg/day may contribute to a serious metabolic imbalance. The main complications of overnutrition and overhydration in the first phase of treatment are congestive heart failure and death. Most common errors are due to excessive volume of food given at one time, excessive sodium intake and high protein intake. International and national guidelines have well-described tables, thanks to which health care workers can easily calculate and monitor the amount of food administered [14-17, 26, 39, 48] . The problem begins in children with SAM < 6 months because many guidelines do not specify this group in their dietary recommendations. In 6 of 13 international guidelines this topic was omitted completely, in 7 of 13 it was recommended to continue breastfeeding without detailed information, and 6 of 13 guidelines recognised F-75, F-100, F-100D and IF as a substitute for breastfeeding and details of feeding were presented [17] . What the guidelines do not seem to take into account is the maternal peridelivery mortality in developing countries, which results in orphaned infants for whom no breastmilk is available due to the lack of breast milk banks.
In a double-blind randomised trial, F-100 and F-100D were found to be of high safety in children < 6 months. In addition, F-100 restored the nutritional status of children much more effectively and faster than IF [66] . Attempts have also been made to examine the transition from formula F-75 to RUTF according to WHO recommendations. It turned out that the transition in the first time was only possible in 65% of cases, and almost impossible in acutely malnourished children or those with severe illnesses [67] . Rytter et al showed a strong correlation between feeding milk--rice porridges to children with SAM and the occurrence of refeeding syndrome (even with moderately low plasma phosphate levels) and F-75 was considered a safer product [68] .
Nevertheless, there are questions about the availability of these nutritional preparations, both ready--made offered by WHO/UNICEF and those prepared at hospital or home using the recipes provided in the WHO and UNICEF training materials. In both cases, there are often problems with the distribution of food products or individual ingredients to create a standardised nutrient. This is often deepened by social unrest, corruption and a lack of financial support for treatment facilities in developing countries. Furthermore, compared to alternative nutritional approaches, RUTF improves recovery and slightly increases the rate of weight gain. Unfortunately, the effect on malnutrition recurrence or mortality after going on a normal diet is not fully known. The authors recommend further randomised controlled trials [69] .
Conclusion
The lack of consistency between international and national guidelines on nutrition of children with SAM makes it difficult to treat malnourishment in developing countries and most understatements occur in the treatment of infants < 6 months old. This topic requires many research trials that will significantly help tosolve the problem of diagnosis and pharmacological-nutritional treatment of children 0-59 months.
It is necessary to unify the NSA and the rules of admitting children for nutritional treatment in medical facilities, because underdiagnosis may end in unnecessary death. In addition, specialised expert groups studying the problem of malnutrition should attempt to present new treatments that could be used in the field internationally. The experience of local medical personnel who care for the malnourished should also be taken into account. It is also worth asking the question why there is the problem of so many differences in treatment protocols, and why there is so little scientific research in places affected by poverty. If almost 1/3 of children under 5 are malnourished in Africa, this fact should motivate to create professional and reliable standards of treatment child with SAM in developing countries.
